A/J and BALB/c mice differ genetically in their resistance to the facultative intracellular bacterium Salmonella typhimurium. We compared the responses of these strains of mice to a virulent S. typhimurium infection. BALB/c mice mobilised more peritoneal exudate cells in response to the infection than did A/J mice 30 h after infection, but the increase in bacterial counts in the livers and spleens of BALB/c mice was 10-fold higher than in A/J mice. The response to Concanavalin A (Con A) of spleen cells from BALB/c mice was depressed, and both L3T4' and Lyt-2' T cell subpopulations were decreased following the infection, whereas the response to Con A of A/J mice was increased and the T cell subpopulations were not altered significantly. These results suggest that A/J mice respond more actively to S. typhimurium infection than do BALB/c mice, and this may be related to the natural resistance of mice.
Introduction
Natural resistance of mice to Salmonella typhimurium is controlled by several genes; the Zty gene located on chromosome 1 is the major one. l9 When susceptible (Zty') mice are inoculated with a virulent strain of S. typhirnurium, even at a low dose, they die within a few days. It has been shown that the growth rate of S. typhimurium in Itys mice is faster than in resistant (Zty') Several observations have led to the suggestion that the effector cells for Zty expression are the resident macrophages,' but the mechanism of the genetic control is still contr~versial.~~ 6* ' In the short survival time after infection it is difficult to study the immune response of mice to the bacteria and many workers have used avirulent strains of S . typhimurium which can establish a more prolonged infection in Ity' and Ztys However, it is thought that severe infection induced by a virulent strain may evoke different host responses or damage in Zty' and Zty' mice. The present study was performed to explore the possible participation of other mechanisms besides the intracellular killing activity of macrophages. 
Materials and methods

Mice
Bacteria
The virulent strain of S. typhimurium, C5, was obtained originally from Dr Janet Plant (St Mary's Hospital Medical School, London). Fresh cultures prepared by growing the strain in Heart Infusion Broth (Nissui) at 37°C for 24 h were used for all experiments. The number of viable cells was counted by plating samples on to Bromthymol Blue (BTB) Agar (Nissui). In our preliminary studies, the LD5O for Itys mice given intraperitoneally (i.p.) was 10 bacteria and for Ity' mice was lo3 bacteria.
Kinetics of S. typhimurium replication in vivo
Mice were inoculated i.p. with 2 x 10, 2 x lo2 or 2 x lo3 bacteria. One or 3 days after infection, the mice were killed and the livers and spleens were removed aseptically and homogenised in saline with a Teflon homogeniser. Test samples were diluted appropriately and then plated on to BTB Agar. After incubation at 37°C for 24 h, the number of colonies was counted.
Enumeration of peritoneal exudate cells
Five mice in each group were inoculated i.p. with lo2 viable S. typhimurium C5 cells in 0.5 ml of phosphatebuffered saline (PBS). After 6, 30 or 54 h, peritoneal exudate cells (PEC) were harvested in PBS and washed
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twice by centrifugation at 200 g for 5 min. The cell pellet was resuspended in PBS and the cells were counted in a haemocytometer. Results are expressed as the mean number of total PEC and standard deviation (SD).
Mitogenic assay
Spleens of three mice in each group were gently forced through a stainless steel sieve and the homogenate was collected in PBS. Red blood cells were lysed with Trisbuffered NH,Cl, pH 7.5, and the undissociated cells were allowed to settle for 15 min at 4°C. The spleen cell suspension was adjusted to 2 x lo6 viable cells/ml in Click's medium" supplemented (1%) with serum from normal or infected mice and gentamicin 5 pg/ml. Assays were performed in 96-well flat-bottomed plates (no. 3072, Falcon, Becton Dickinson, Grenoble, France). To each well was added 2 0 0~1 of the cell suspension and concanavalin A (Con A, Sigma Chemical Co., St Louis, MO, USA) 1.25 pg/ml. The plates were incubated at 37°C for 58 h in a humidified atmosphere with C 0 2 5%; 18 h before the end of incubation, 0-5pCi of 3H-thymidine (specific activity 32 Ci/mM) was added to each well in a volume-of 5 pl. The cells were harvested on to glass-fibre filters with an automated cell harvester (Labo Science LM-101) and incorporated radioactivity was counted by a Packard Scintillation Counter (Model Tricarb 460CD). Each determination was made in triplicate.
Immunofluorescence analysis of spleen lymphocytes
Monoclonal antibodies against the mouse T-cell surface markers, anti-L3T4 and anti-Lyt-2, were the gift of Dr Masuda (Department of Immunology, Institute for Immunology, Kyoto University, Japan). The spleen cells were pelleted and resuspended at a concentration of 1 x lo6 cells in 1OOpl of PBS supplemented with sodium azide 0.1% and incubated with anti-L3T4 antibody or anti-Lyt-2 antibody (each diluted 1 in 2) on ice for 30 min. After three washings, cells were incubated with fluorescein isothiocyanate (F1TC)-coupled rabbit antirat immunoglobulin (MBL; diluted 1 in 100) on ice for 30 min. Afterwards, cells were washed again three times and suspended in PBS for analysis by EPICS C (Coulter CO.).
Results
Kinetics of growth of S. typhimurium Fig. 1 shows the numbers of bacteria in the livers and spleens of A/J and BALB/c mice following i.p. inoculation of three doses of S. typhimurium. One day after infection, the population level of bacteria was practically the same in both strains of mice, but on day 3, the population of bacteria in BALB/c mice was 10-fold or more higher than that in A/J mice at doses of 2 x lo2 and 2 x lo3 bacteria. Days after inoculation In-vivo accumulation of PEC The number of PEC of BALB/c mice increased to five times the pre-inoculation number by 30 h after inoculation of S. typhimurium, whereas the number of PEC of A/J mice remained unchanged at this time. However, there was no great difference in the rate of accumulation of PEC between the two strains of mice 54 h after inoculation (table I) .
Liver spleen
Mitogenic activity
The response to Con A of spleen cells from A/J Table I mice was enhanced as the infection advanced, whereas that of spleen cells from BALB/c mice was depressed 1 or 3 days after infection. Some serum factors promoting proliferative responses of spleen cells to Con A were induced by infection with s.
Day of collection of serum
typhimurium (fig. 2).
Flow cytometric analysis
In the spleen cells of BALB/c mice, L3T4' and Lyt-2' T cell subpopulations decreased with the course of infection, in particular the L3T4' subpopulation decreased to about 50% of that in the normal mouse. In A/J mice these subpopulations did not alter significantly, although the Lyt-2 subpopulation increased a little (table 11) .
Discussion
Accumulation of phagocytes at local tissue sites is an important event in immunologically mediated host defence. When live S. typhimurium cells were inoculated i.p. into BALB/c mice, they recruited several times as many PEC as were mobilised in similarly treated A/J mice 30 h after inoculation. However the rate of increase of S. typhimurium between 1 and 3 days after inoculation was 10-fold higher in the spleens and livers of BALB/c mice than in A/J mice. These findings suggest that BALB/c mice have an ability to mount an inflammatory response to S . typhimurium, but lack the ability of bacterial uptake or intracellular killing by phagocytes. Many in-vitro studies have shown that macrophages from Ity' mice have greater bactericidal activity than those from Itys mice. "- 13 Yet several reports and our present study have shown that no significant differences can be found in the growth of bacteria in the livers and spleens 1 day after infection between Ity' and Itys mice, regardless of the size of bacterial i n o c u l~m .~~ ' The reason for this discrepancy is not clear. It is possible that the natural resistance of mice may be determined by bacteriostatic rather than bactericidal mechanisms, and may require the participation of mechanisms other than the intracellular killing activity of macrop hages. It is assumed generally that immunodepression increases susceptibility to infectious agents. Some reports describe a correlation between the responsiveness of spleen cells to mitogens and the susceptibility of mice to S. typhimurium infect i~n , '~~' ' but owing to the differences of mouse strains and bacterial strains used, results in these studies are not comparable. Deschens et al. reported that, in Ity' mice, there is marked depression of the proliferative response of spleen cells to B and T mitogens as a result of infection with a temperaturesensitive mutant of S. typhimurium; this was associated with an impairment of interleukin-2 production.' ' We did a similar experiment with a virulent S. typhimurium strain and observed that the proliferative response of spleen cells to Con A was markedly depressed in BALB/c mice 1 day after infection. By flow cytometric analysis, spleen T cell numbers and the distribution of antigens such as Lyt-2 and L3T4 were similar in both strains of uninfected mice, but in BALB/c mice L3T4' and Lyt-2' T cell subpopulations decreased 1 day after infection. In contrast, in A/J mice the proliferative response increased with an infection and these subpopulations did not alter. The depression of proliferative response was related not only to the decrease of T cell numbers but also to the ability of the T cells to respond to mitogen. There is also the possibility that increase of other cell types (i.e., macrophages) may suppress T cell responses. Evidence has been presented for the participation of both L3T4' and Lyt-2' T cells in the adoptive transfer of resistance to listeria. 69 * In salmonella infection, both T cell subpopulations may be required for effective protection.
In this study we found a peculiar function of serum. When A/J mice were infected with S. typhirnuriurn, a factor potentiating proliferative activity of spleen cells to Con A was induced in the serum and increased as the infection advanced. Serum from BALB/c mice obtained 1 day after infection reduced the proliferative response a little, but serum obtained 3 days after infection augmented the response. We did not characterise the component in the serum responsible for this proliferative response, and do not know whether the factor participates in the natural resistance of mice. However, in A/J mice the proliferative response of spleen cells and the production of the factor in the serum increased in parallel, and were maximal 3 days after infection.
The data presented above show that in A/J mice infected with S. typhirnuriurn, responsiveness of spleen cells is elevated in comparison with BALB/ c mice. Previous studies have emphasised differences in the ability for intracellular killing of S . typhirnuriurn by resident macrophages. Possibly the resistance to infection with S. typhirnuriurn might be determined by the interaction of various factors. The findings reported here shed light on another facet of the differences in the natural resistance of mice.
